




ZAE 282F,13 - Material Science
[Sains BahanJ
Duration : 3 hours
[Masa . 3 jamJ
Please check that this examination paper consists of SEI{EN pages of printed material
before you begin the examination.
fSila pastikan bahawa kcrtas peperilaaan ini mengandungi TI]JAH muka surat yang
bercetak sebelum anda memulakan peperiksaan ini.J
Instructions: Answer all FIVE (5) questions. Students are allowed to answer all
questions in Bahasa Malaysia or in English.
t@. Jawab lcesemua LIMA (5) soalan. Pelajar dibenarkan menjawab semua
soalan sama ada dalam Bahasa Malaysia atau Bahasa Inggeris.J
...2t-
.) [zAE 2828]
t. (a) compare Face centered cubic (FCC) crystal structue to Body centered
_ 
Cubic @CC) crystal structure.[(a) Banding*an sftuhur habrur Kylyt Berpusat Mutrn (FCC) rcepada struhurhablur Kubus Berpusat Jasad (BCC).J
(20/r00)
(b) (i) Showthat the atomic packing factor for BCc is 0.6gt(il Tuniuklwn bahawafalao, podoton atom untuk BCC ialah 0.651
(ii) calculate the radius of an iridium (r) atom, given that h has a FCCcrystar structure, a density of 22.4 g/"^t *-d * *o*i" *igrrt or192.2 g/mol.
t(iil Kira jejari atom lridium (Ir), apabira lr_mempunyai struhur habrurFCc, ketumpatan sebanyak 2).1 g/cm3 dai berat atom sebtanyak192.2 g/not.J
(30/100)
(") Explain the formation of grain boundaries.[(c) Jelaskan pembentuknn selmpadan-sempadan butiranJ
(20l100)
(d) (i) what is the composition, in atomic percent, of an alloy rhat consistsof 925 wt% Ag and 7 .5 wtyo Ct?
Atomic weight: Cu:63.55 glmol;Ag: 107.g7 g/mol.t(il Apakah komposisi, dalai peratis iro*, suatu aloi yang
mengandungi 92.5 wt% Ag dan 7.5 wt% Cu?
Berat atom: Cu: 63.55 g/mol; Ag: 107.g7 g/mol.J
(iD what rl t" composition,-in weight percent, of an alroy that consists
of S atoh Cu and 95 ato/opt?
Atomic weight: Cu:63.55 g/mol; pt = 195.0g g/mol.t(i, Apakah komposisi, darai peratus n;rot, suatu aroi yang
mengandungi 5 at%o Cu dan 95 at% pt?






Give a brief explanation of diffirsion flux.
I B e r i lwn p e nj e I as an r ingkas t e nt ang fl uks s er ap anJ
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500 4.2 x lo-te
500 4.0 x 10-t8
500 4.2 x l0-r4
500 4.1 x 10-14



















cu Ni 2.7 x LO-' E6 2.65 500 1.3 x 10-22
Table 1
Refening to table 1, (gas constant:8.31 J/mol 
-K)








Compute the value of the diffusion coeflicient for the diffrrsion of
zinc in copper at 650"C.
Kira nilai koefi.sien serapan untuk serapan zink dalam htprum pada
6s0r.J
At what temperature will the diffirsion coefficient for the diffrrsion
of copper in nickel have a value of 6.5 * l0-I7 mzls?
Pada suhu berapakah koefisien serapan untuk serapan latprum
dalam nilrel akan mempunyai nilai 6.5 x I0-17 *2/s?1
(iiD Compute the values of the diffusion coefficients for the diffrrsion of
carbon in both cr-iron (BCC) and y-iron (FCC) at 900"C. Which is
larger and explain why this is the case?[(iit) Kira nilai-nilai kaefisien serapan untuk serapan knrbon dalam
kedua-dua q-besi (BCC) and y-besi (FCC) pada 900T. Yang







(c) (i) Give a brief expranation on prastic deformation.t(, Berikan penerangan ringtai tentang canggaan prastik.J
(ii) Describe the phenomenon of elastic recovery using a stress-stainplot.
t(ii) Jelafan-fenomena pemulihan elastik menggunakan plot tegasan-
terilwn. J
Qs/r00)(d) (i) What t: t. driving force for recrystallization and for grain growth?t(il Apalrah lansa yang mengga[aktcan penghabruroi ,rirto ao,penumbuhan butiran.J
(iD Give an explanation on grain growth.
t6, Berikan penjelasan tentang penumbuhan butiran. J (2s/r00)
(a) Explain briefly the equilibrium and metastable states.t@ Berikan penielasan ringtras tentang kedaan keseimbangan dan metastabil.J
(b) (i) Cite the difference berween eutectic.
reactions.
t(, Berikan perbezaan antara tindakbalas-tindakbalas eutelctih
eutehoid dan peritektik J(ii) What is the difference between terminal solid solution and
interrnediate solid solution phases.
t(i, Apakah perbezaan antara-fasa-fasa larutan pepejal terminal dan
I arut an p ep ej al p er t e ng a han. J(iii) Distinguish between hypoeutectoid and hypereutectoid steel
microstructures-
Kii, Bezakan antara milvostruhur-milvostruldur hipoeutehoid danhipereutehoid. J
(25/r00)









The iron-iron carbide phase diagram
Figure I
Refering to Figure l, for a 99.65 wto/o Fe 
- 
0.35 wto C alloy at a
temperature just below the eutectoid, determine the following:
I Merujuk kepada Rajah ], untuk aloi for a 99.65 wtoh Fe ^ 0.35 wto% C
pada suhu betul-betul di bawah eutehoid, tentukan yang berikut:J
(a) The fractions of total ferrite and cementite phases.[(a) Pecahanfasa-fasa penuhferit dan simentit.J
(b) The fractions of the proeutectoid ferrite and pearlite.
t@ Pecahanferit proeutehoid dan pearlit.J








(i) Cite and briefly explain the three categories of phase
transformation.
ftt) Berilun dan terangkan dengan ringkns tiga kategori transformasi
fasa.J
(ii) Name the two stages involved in the process of phase
ftansformation. Briefly describe them.
t(i, Namakan dua peringlwt yang terlibat dalam proses transformasi
fas a. Ter angkan dengan r ingkas ke dua-duanya. J
(iii) Briefly describe the phenomena of superheating and supercooling.
t6it) Teranglmn dengan ringkas fenomena superpemaneman dan
superpenyejukan.J
Q0/r00)
(i) Explain the formation of pearlite microstructure.
t0 Jelaslcan pembentuknn milvosnuktur pearlit.J
(iD Briefly explain why fine pearlite is harder and stronger than coarse
pearlite.
t(it) Teranglcan dengan ringkas mengapa pearlit halus adalah lebih
keras dan htat berbanding pearlit kasar.J
(iii) Cite turo major differences between pearlitic and martensitic
transformation.
[(iit) Berikan dua perbezaan utama antara transformasi pearlit dan
martensit.J
(iv) Briefly cite the differences between pearlite, bainite and spheroidite
relative to microstructure and mechanical properties.[(iv) Berikan dengan ringlws perbezaan-perbezaan antara pearlit, bainit
dan sferoidit berhubung kepada ciri-ciri milvostruldur dan
melanikal.J
(50/100)
(i) Cite the purposes and the stages of annealing.
t(i) Berilran tujuan+ujuan dan peringkat-peringkat sepuhlindap.J
(ii) Explain the influence of quenching medium, specimen size and
geometry on hardenability.
t(iil Jelaslcan pengaruh medium penyejuknn, saiz dan geometri spesimen
lrc atas kebolehkerasan. J
(iiD Draw a tlpical hardenability curve and explain.[(ii, Luhislran lrurva kebolehkerasan yang tipilul dan jelaslran.J
(30/100)
.. . | /-
(b)
(c)
